Animal personality, defined as consistent individual differences across context and time, has attracted much recent research interest in the study of animal behaviour. More recently, this field has begun to examine how such variation arose and is maintained within populations. The habitat-dependent selection hypothesis, which posits that animals with differing personality types may fare better (i.e. have a fitness advantage) in different habitats, suggests one possible mechanism. In the current experiment, we tested whether slow-and fast-exploring black-capped chickadees (Poecile atricapillus), determined by performance in a novel environment exploration task, perform differentially when the demands of an acoustic operant discrimination (cognitive) task were altered following successful task acquisition. We found that slow-exploring birds learn to reverse previously learned natural category rules more quickly than faster exploring conspecifics. In accordance with the habitat-dependent selection hypothesis, and previous work with great tits (Parus major), a close relative of the black-capped chickadee, our results suggest that fast-exploring birds may perform better in stable, predictable environments where forming a routine is advantageous, while slow-exploring birds are favoured in unstable, unpredictable environments, where task demands often change. Our results also support a hypothesis derived from previous work with great tits; slow-exploring birds may be generally more flexible (i.e. able to modify their behaviour in accordance with changes in environmental stimuli) in some learning tasks.
INTRODUCTION
The study of animal personality (also known as temperament [1] , behavioural syndromes [2] and coping styles [3] ) is concerned with how behavioural characteristics are related across contexts and over time within a species. A survey of personality-related research by Gosling [4] showed that such studies included 66 species spanning a diverse array of taxa. As species are added to this list (e.g. [5] [6] [7] ; see [8] [9] [10] for recent reviews), so too are new behavioural characteristics being linked to existing suites of correlated traits (e.g. boldness correlates with aggressiveness [11] ).
The field of animal personality has begun to pose questions about how individual differences in behaviour develop, evolve and how these differences are maintained within a species or a population [8, 9, 12] . Individuals can differ in their overall personality (or behavioural profile) associated with differing life-history strategies [13 -15] . For instance, some individuals may focus on current reproduction and thus behave in a more risk-prone manner, whereas other individuals may focus on future reproduction and behave in a more risk-averse manner [14, 16] . Variation in the personality of animals within a species may be maintained when one personality phenotype is rare and has higher fitness compared with alternate personality phenotype(s) (negative frequency-dependent selection [14, 16, 17] ) or is more effective in different local habitats (habitat-dependent selection [1, 16] ).
While individual variation in exploratory behaviour represents one of the best-studied personality characteristics (e.g. [1,11,18 -20] ), individual variation in learning ability has received less attention [2, 3, 21] . Previous work has suggested that individual variation in discrimination learning is related to how black-capped chickadees (Poecile atricapillus) explore a novel environment [6] . Guillette et al. [6] showed that chickadees which are quicker to explore a novel environment are also quicker to learn an acoustic operant discrimination task. The notion that, in general, fast explorers are fast learners is further supported by evidence from a study with wildcaught male starlings (Sturnus vulgaris [22] ). Boogert et al. [22] found that starlings which were faster to feed in a novel environment solved a learning task faster than starlings that were slower to feed in a novel environment.
Here, we test the idea that fast explorers may perform better in a stable (predictable) environment where it is adaptive to learn new tasks quickly and commit them to a routine [18, 23] , while slower exploring animals may benefit in unstable (unpredictable) environments where behavioural flexibility is favoured [24, 25] . The notion that personality spans a behavioural continuum (e.g. bold, exploratory ! shy, non-exploratory) and that the type of personality that is favoured changes with habitat variation across space or time is supported by studies in several species (e.g. [26] ). For example, during range expansions in western blue birds (Sialia mexicana), aggressive individuals are initially favoured when colonizing new areas. The number of aggressive individuals declines rapidly following colonization, presumably because aggressive males tend to provide lower levels of parental care [27] . However, the link between exploration and learning has not yet been thoroughly examined.
Birds that are faster to act when faced with novelty (black-capped chickadees' exploration in a novel environment [6] ; starlings' latency to feed in a novel environment [22] ) are also faster to learn a cognitive task; however, the cognitive task used in these particular experiments may have inadvertently favoured individuals with bold, exploratory personality types because the task demands were stable, and forming a routine would have been advantageous. Experiments that might favour shyer, less exploratory individuals have yet to be examined. This could be accomplished through testing learning in a dynamic, rather than a stable, environment. If slowexploring birds perform better in a testing environment where task demands are altered, this suggests that they may have an advantage over fast-exploring birds in certain micro-habitats (in line with the habitat-dependent selection hypothesis).
We trained black-capped chickadees in an instrumental discrimination paradigm that required each bird to respond to rewarded (Sþ) stimuli, but not respond to non-rewarded (S2) stimuli belonging to different note-type categories (e.g. A notes, B notes) from their namesake chick-a-dee call. Once a bird had learned this task, the reward contingencies associated with each category were reversed. This represents an environmental change that birds need to adapt to in order to maximize their reward (food). Only the reward contingency (i.e. rewarded or non-rewarded) associated with each category changed, so previous learning (discrimination training on categories) will aid birds in the reversal if they are able to exhibit flexibility in their learned behaviour. The number of trials it took each bird to learn the discrimination task served as a baseline for learning with which the number of trials needed to learn the reversal was compared. All birds were first run in a novel environment exploration task, and then run in the operant discrimination task.
METHODS
(a) Subjects Thirty birds (second year or after the second year, determined by the shape and colouring of outer tail retrices [28] There were four, 1 cm diameter unfinished wooden dowel 'branches' that extended 20 cm from the trunk. Two upper branches were 5 cm from the top of the trunk, and the other two branches were 20 cm lower and perpendicular to the top branches (following Verbeek et al. [18] ). In one end of the room there was a 35 Â 24 cm opening behind which the bird was placed in its home cage (30 Â 40 Â 40 cm). Each session was recorded with a JVC Everio camcorder, fit with a wide angle lens, so behavioural data could be scored at a later date.
(ii) Operant conditioning chamber A detailed description of the instrumental discrimination apparatus can be found in Sturdy & Weisman [29] . In brief, each bird was placed in a modified budgerigar cage (30 Â 40 Â 40 cm) that had several perches, a grit cup, cuttlebone, water tube, an opening on one side to allow access to the food hopper and a plastic mesh suspended from the bottom so that birds could not eat spilled food. A request perch with an infra-red beam was situated approximately 5 cm from the opening to the food hopper; another infrared beam spanned the entrance to the food hopper. A speaker that broadcast stimuli was at perch height next to the food hopper on the outside of the cage. This apparatus was housed in a ventilated sound attenuating chamber.
(iii) Stimulus preparation The stimuli for the acoustic operant discrimination were exemplars of 'B' and 'C' notes from the namesake chick-adee call of the black-capped chickadee. The chick-a-dee call is composed of four note types; A, B, C and D, produced in a fixed order, but each note type may be omitted or repeated [30] . These note types are perceived as belonging to natural, open-ended categories by black-capped chickadees [31, 32] . That is, birds can continue to classify notes as belonging to a natural category when they are tested with novel exemplars. A detailed description of stimulus preparation can be found in Charrier et al. [31] . Briefly, notes were taken from high-quality recordings of blackcapped chickadee chick-a-dee calls. Twenty exemplars each of two note types (i.e. 20 B, 20 C, 40 total) were recorded, one note per track, to a recordable compact disc for discriminative stimuli in the instrumental discrimination task.
(iv) Novel environment task Birds were tested for exploratory behaviour in the novel environment task before initiation of the instrumental discrimination task. Individual birds in their home cages were placed with their cage against the opening to the novel environment room. A clear barrier controlled birds' physical, but not visual, access to the novel environment room. We allowed visual access to the novel environment room because pilot tests for previous experiments (i.e. [6] ) revealed that birds rarely left their home cage within 30 min if the barrier to the novel environment was opaque. One hour later the barrier was removed, allowing the bird access to the room. Each bird was recorded via the JVC camcorder suspended from the ceiling for 10 min. All trials were conducted between 11.00 and 15.00 h. Birds were returned to the colony room after testing, and the length of the left tarsus was measured as an index of body size. All birds visited the novel environment between 27 April and 25 May 2009.
(v) Instrumental discrimination task Preliminary training
Once a bird learned to use the request perch and food hopper to obtain food, preliminary training began. To start a trial, a bird had to wait on the request perch, thus breaking an infrared beam, for a randomly selected interval of between 900 and 1100 ms. Following this, a note from the pool of 40 notes (20 of each note type) was randomly selected and played (between approx. 70 and 80 dB SPL as measured by a Radio Shack Sound Level Meter (fast setting, A weighting)). If the bird left the request perch before the note had finished playing, the trial terminated and a 30 s inter-trial interval (ITI) with the houselights off ensued (termed a zap). This was to train birds to remain on the perch and attend to each stimulus in its entirety before making a response. If the bird remained on the perch until the note finished playing and then flew to the feeder within 1 s from the termination of the stimulus, it was given 1 s access to food followed by a 30 s ITI, with the houselights on. If the bird listened to the entire note, left the request perch within 1 s of stimulus termination but did not enter the feeder, the trial ended after 1 s. If the bird listened to the entire note and remained on the request perch, the trial ended after 1 s and a 60 s ITI followed, with the houselights on. If the bird left the perch during the 60 s ITI for 1 s, the 60 s ITI was terminated and a new trial initiated. We used preliminary training to train birds to create high, uniform, responses to all training stimuli that would be used in the discrimination phase of the experiment, and to train the birds to listen to each stimulus in its entirety, while also training them to leave the request perch after each stimulus was played (see Charrier et al. [31] for details). This step ensured that birds readily approached all stimuli prior to discrimination training, thus eliminating any inherent bias resulting from individual differences in neophobia that might be present among the birds and that could affect discrimination performance. The criteria to complete preliminary training was six blocks (one block ¼ 500 trials) with over 60 per cent responding to all stimuli, and no more than 3 per cent difference in response to all note types to ensure no initial preferences for note types biased the discrimination. Exemplars were presented equally and in a random order within blocks, and randomized for each block, for each subject.
Discrimination acquisition
Charrier et al. [31] describes the acoustic discrimination and transfer training procedures in great detail. In this phase, breaking the infra-red beam in the food hopper after foodrewarded (Sþ) notes resulted in 1 s access to food, whereas visits to the feeder following non-rewarded (S2) notes resulted in a 30 s ITI with the house lights extinguished and no food access. All other procedures from preliminary training (e.g., random selection of notes, remaining on the perch until stimulus completion etc.) remained in effect during discrimination training.
Discrimination training was initiated immediately following preliminary training. All 30 birds learned to discriminate the notes (B notes were Sþ, and C notes were S2). Birds were initially trained to discriminate between 10 Sþ and 10 S2 stimuli. Next, the birds were presented with the remaining 10 Sþ and 10 S2 stimuli, referred to as the first set, and second set, respectively, hereafter. Finally, the birds were presented with all 20 Sþ and 20 S2 stimuli. The criterion to complete each of the phases of the discrimination task was six blocks with a discrimination ratio (DR; calculated by dividing the average percentage of response to Sþ notes by the average percentage of response to all (both the Sþ and S2) notes, excluding zap trials) of 0.8 or greater with the last two blocks of 0.8 or greater occurring consecutively.
Reversal training
Following completion of discrimination training, all birds were placed on reversal. In reversal, reward contingencies were modified such that C notes were now rewarded (Sþ) and B notes were now unrewarded (S2); opposite to that of discrimination training. The stages of training and the criterion to complete each of the phases of reversal task were the same as during the discrimination task. All birds were tested in the instrumental discrimination task between 30 April and 18 December 2009.
(vi) Scoring
We scored the number of trees (out of five) visited by each bird in the novel environment room from the recording of each 10 min trial. A score of zero was awarded to a bird that failed to leave the home cage. In the instrumental discrimination task, the number of blocks needed to reach criteria served as the learning scores. The reversal speed score is the learning score for set 1 reversal minus the learning score for set 1 discrimination. The longer (more blocks) it took a bird to learn the reversal task, compared with the initial task, the higher the reversal speed score, reflecting that the bird was slow at reversing relative to a bird with a lower score.
(vii) Statistical analysis One-sample t-tests were conducted to test whether the DRs were different from chance (chance ¼ 0.5) during various blocks of learning stages. Linear regressions, using residuals from the number of trees perched on (0, 1, 2, 3, 4 or 5) in the novel environment after controlling for sex and tarsus length (as a proxy for estimating body size), were used to predict learning scores. We controlled for sex and body size (both permanent between-individual sources of variation) because males and females may show differences in predictability of some behaviours [9, 33, 34] and boldness is related to body size in at least some species [1, 35] . All analyses were conducted in PSAW STATISTICS v. 18. 
RESULTS
Owing to equipment failure during operant testing, the data for three birds were discarded; leaving 27 individuals (12 from Stony Plain: six male, six female; and 15 from River Valley: seven male, eight female). All numbers reported are mean + s.e.m. Responding was not different from chance at the start of training (DR first block of first set of discrimination ¼ 0.51 + 0.01, t 26 ¼ 0.86, p ¼ 0.40). When birds were transferred to the second set of stimuli, the DR was significantly higher than chance (DR ¼ 0.78 + 0.01; t 26 ¼ 26.31, p , 0.001; figure 1 ), demonstrating significant savings as birds moved through the various stages of acquisition (see figure 2 for the number of blocks required to complete each training stage).
A linear regression predicting the reversal speed score from the number of trees on which a bird perched during the novel environment test showed a significant effect (r 2 ¼ 0.20, F 1,25 ¼ 6.16, p ¼ 0.02; figure 3 ). Birds that visited fewer trees learned the reversal task more quickly, compared with baseline scores, than birds that visited more trees. However, there was no relationship between the birds' baseline (discrimination) learning scores and the number of trees on which a bird perched during the novel environment test (r 2 ¼ 0.003,
DISCUSSION
Black-capped chickadees that visited more trees during a 10 min exploration trial took longer to reverse their acoustic discrimination task compared with conspecifics that did not readily enter and explore a novel environment. That is, slower exploring individuals required fewer trials, relative to their baseline, to learn to respond to C notes (Cþ, from their namesake chick-a-dee call) and withhold responding to B notes (B2) following initial discrimination training on a Bþ C2 discrimination, compared with faster exploring individuals with the same training. This finding cannot be explained by neophobic tendencies related to exploration because each individual was pre-trained with all discriminative stimuli until they were equally familiar with, and responding to, all stimuli [6] .
Our findings support predictions derived from the habitat-dependent hypothesis for maintenance of different personality types within a species [1] . This hypothesis posits that different personality types may fare better in different local habitats. Following this, it has been further hypothesized that fast explorers may fare better in a stable, predictable environment, where they can form stable behavioural routines, while slower exploring birds may fare better in an unpredictable, changing environment because they are more sensitive (and thus adaptable) to changes in the environment. Verbeek et al. [18] found that male great tits that were more likely to explore a novel environment, or approach a novel object, were also more likely to return to a location where food had previously been available. By contrast, birds that were slower to explore a novel environment and approach a novel object altered their foraging habits more rapidly when food locations varied. In another study with great tits, slower exploring birds outperformed faster exploring birds in an avoidance learning task [36] . Once slow birds began to attack aposematic prey, they learned to avoid this prey more rapidly than the fast-exploring birds. The result suggests an underlying difference in learning between slow-and fast-exploring great tits. Exnerová et al. [36] put forth two hypotheses to account for their findings. The first hypothesis was that their results were specific to the avoidance learning task (i.e. the use of aversive stimuli) and that tests which use positive stimuli could yield different results. Our results suggest that, in addition to avoidance learning tasks, tasks using positive reinforcement also yield results in support of the idea that slow-exploring birds are faster to learn some cognitive tasks. Our results also support the second hypothesis put forth by Exnerová et al., that slow birds are generally more flexible. These assertions are in line with characteristics of birds with proactive and reactive personalities that were proposed by Cockrem [37] . Specifically, it was proposed that birds with reactive personalities are likely to be slow explorers, more flexible and sensitive to environmental stimuli.
We expected to find that chickadees which were faster to explore the novel environment would learn the discrimination task (Bþ C2) faster than slow-exploring birds, in accordance with Guillette et al. [6] . Interestingly, this finding was not replicated in the current study. A possible explanation may relate to subtle differences in methodology between the two studies. Guillette et al. [6] used three different note-type pairs in the operant discrimination (AB, BC and AC), we only used one note-type pair (BC). Previous work with note-type discriminations and black-capped chickadees has shown that the amount of perceptual similarity between note types mediates the number of trials needed to learn the discrimination [38] . That is, it takes chickadees more trials to discriminate between A and B notes, compared with A and C notes. Perhaps using the B/C note pair was not sufficiently perceptually demanding to uncover . Each block consisted of 500 trials. Out of 40 total stimuli, the first set contained 10 exemplars of each note, the second set contained the remaining exemplars. During discrimination training, all birds were rewarded for responding to B notes, and not rewarded for C notes, while during reversal training, birds were rewarded for responding to C notes, and not rewarded for B notes. Chance discrimination is indicated by the dashed line.
differences in learning speed when the task demand was held constant. We believe that differences in the speed of learning an acoustic discrimination may have fitness consequences for individuals. This is especially true for chickadees because they rely on acoustic communication for survival. Learning to discriminate between these acoustic cues and respond appropriately could potentially have fitness advantages such as being able to discriminate between dominant and subordinate males (e.g. [39] ) during mate selection or between territory neighbours, thus avoiding unnecessary aggressive responses (dear enemies sensu [40] ), thereby increasing fitness [41] .
Although our laboratory task can be considered highly artificial relative to the demands of a natural environment, a recent study by Herborn et al. [42] suggests there may be a strong link between an animal's behaviour on a personality test in the laboratory and behaviour in the wild. Herborn et al. demonstrated that, for blue tits (Cyanistes caeruleus), performance in novel environment exploration tasks in the laboratory and an analogous test in the wild yielded similar results. This result lends support to the validity of examining animal personality in the laboratory. The next step will be to carry out analogous experiments in the wild, to test for the fitness advantages of birds of varying degrees of exploratory tendency, in different micro-habitats. Figure 2 . The number of 500-trial blocks for each individual (y-axis) to complete the different training phases. The first black bar represents the first set for discrimination (disc), the first white bar represents the second set for discrimination, the first grey bar represents the combined sets, the second black bar represents the first set for reversal (rev), the second white bar represents the second set for reversal and the second grey bar represents the combined set for reversal. Individuals are grouped on the x-axis according to how many trees they visited in the novel environment exploration task. Figure 3 . The number of trees visited in the novel environment (x-axis) and the reversal speed in blocks of 500 trials (y-axis). The reversal speed is the difference between the number of blocks to criterion (six blocks with a DR ! 0.80, with the last two blocks occurring consecutively) for the first set of reversal task and the number of blocks to criterion for the first set of the discrimination task. Lower numbers for reversal speed represent birds that learned the reversal faster. Open markers are females and filled markers are males.
